Retrofitting technologies have helped to manage energy consumptions in residential, public and industrial buildings. However, understanding of the technical and economic considerations for selection of appropriate retrofitting technology is still evolving and divergent. Thus, this study presents a framework that combines techno-economic requirements as a means for evaluating the important retrofitting criteria and suitable lighting retrofit technologies for building projects. The framework is hinged on the unique features of entropy fuzzy and TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) methods. The analysis of the lighting technology selection was performed from technical, economic and techno-economic perspectives. During the application of the proposed framework, four lighting technologies (CFL, T5, E-ballast and T8-electronic) and nine techno-economic criteria were considered. The most and least important techno-economic criteria for the case study were net present value and electricity saved, respectively. The least and most suitable retrofitting technologies were T8-electronic and CFL, respectively, from techno-economic perspective. T5 and T8-electronic were identified as the most suitable lighting technologies from an economic and technical perspectives, respectively. This discrepancy in the results justified the need for the techno-economic approach for the retrofitting technologies evaluation.
Introduction
The cost of providing electricity in an organisation is often the second highest expenses that constitute the running costs of most organisations in developing countries. Also, a significant amount of electricity (20-30%) are used for lightening purpose in most organizations. Hence, research efforts geared towards reducing this have been ongoing with some positive results. Electricity is the main backbone of the modern world and its generation and consumption affect a country's productivity. The issue of its generation has been extensively considered in literature (Chaudhuri & Lovley, 2003; Liu & Logan, 2004; Šúri et al., 2007) . This has made current efforts to focus on the need to provide green energy using renewable energy sources (Herzog et al., 2001; Panwar et al., 2011; Babatunde et al., 2018a, b) . Since there are limited resources to deploy renewable energy to every nook and crannies of a community, governments are welcoming the use of hybrid energy sources and demand-side management techniques. This has helped to mitigate energy poverty in most developing countries.
However, decision-makers are expected to consider the peculiar characteristics of an environment where such hybrid energy systems are to be deployed (Liserre et al., 2010) . This is necessary in order to obtain the optimal combination of energy source for a hybrid energy system in a community. Also, to improve the ease of integration of green energy into a power grid system of a community, decisionmakers carry out multi-criteria analysis of renewable energy sources (Alepuz et al., 2006) . The desire to integrate green energy into a national grid system is to reduce the amount of CO2 and other gases that are emitted into the atmosphere from the use of conventional energy sources (Omer, 2010; Oyedepo, 2012) . Commercial and residential usage of conventional energy sources has done a lot of damage to our environment such that governments and non-governmental organisations are now designing different programmes to bring the awareness of the damages caused by conventional energy source to everybody's attention. One of such is the advocacy for energy efficiency and conservation methods and also a shift in the dependency on conventional energy sources to renewable technology. Consequently, there are attempts to develop renewable energy technology to generate electricity to power equipment such as laptops, street lights, electric lamps in residential and commercial buildings.
Researchers have now taken the issue of energy efficiency by using energy saving lamps to design new building projects, while recommending these lamps as replacements for non-energy saving lamps in existing buildings.. This is necessary to reduce energy consumption, CO2 emission and lamp life span. In commercial and residential consumption, lighting accounts for 20-30% of total consumption, hence replacing lighting technology with energy efficient technology can result in substantial saving in electricity consumption and hence savings in electricity expenses and environmental preservation (al Irsyad & Nepal, 2016; Di Stefano, 2000; Ganandran et al., 2014; Li et al., 2010) . However, there exists sparse information on the application of multi-criteria tools for the evaluation of lighting technologies that can be adopted in public buildings. Current decisions on this issue are based on the use of a single performance index, which can be a technical (lamp rating) or economical (net present value) criterion. This approach is common in developing such as Nigeria, where the issue of power generation and consumption is a major challenge for facility managers and policy-makers.
Most public buildings in developing countries are originally fitted with incandescent lamp -a lamp based on the principle of incandescence, in which solids and gases emit visible light when burning or when an electric current heats them to a sufficiently high temperature. Each material gives off a light in a colour characteristic of that material. The most familiar example of an incandescent lamp is the common household bulb. The efficiency of an incandescent lamp is less than 20%. Recently, most of these incandescent lamps have been replaced with fluorescent, which consumes less energy and is more efficient, however, at low temperatures, some fluorescent lamps do not perform well, they are not resistant to internal shock, and contain mercury which is a potential pollution hazard. To adequately address the issue of light technology selection in developing countries, there is the need for empirical studies which consider technical, economical and techno-economic criteria for this problem. Such studies are expected to explore the need for different light technologies with respect to the decision from different experts.
Based on the above-mentioned gaps, this study combines entropy fuzzy and TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) methods in presenting a framework for the selection of the most suitable lighting technology in public buildings. The framework explored the use of technical, economic and techno-economic criteria in the evaluation of lighting technology for public buildings. This approach is considered in order to provide decision-makers with opportunities of a different course of action with respect to their overall aim of selecting a lighting policy.
Literature Review
Several efforts have been made to assess the broader benefits and costs of the energy efficiency improvements on lighting systems across the globe (Kumar et al., 2013; Mills & Schleich, 2014; al Irsyad & Nepal, 2016) . For instance, al Irsyad and Nepal (2016) proposed a unique two-step methodology for a street light system in Indonesian cities. In the first method, the actual conditions of street lighting systems in the cities were surveyed and the performance of a pilot project in one of the cities was estimated. The second method involved the estimation of the national benefits and costs of energy efficiency improvements in street lighting by decomposing the benefits and costs into each energy efficiency action. Here, replacing old lamps with new high efficient ones resulted in less than two years pay back period. They suggested the use of adaptive lighting technology that responds to traffic intensity or real-time sensing. Their study advocated metering of electricity consumption and showed that adequate metering resulted in a 16% decrease in utility bills. Lamp replacement also gave a reduction of 58% and the use of an adaptive lighting system led to 68% reduction which ultimately results in Green House Gas. Mills and Schleich (2014) evaluated the factors that affect the use of compact fluorescent lamps (CFLs) and light-emitting diodes (LEDs) as a replacement for old incandescent lamps (ILs). The outcomes of their study showed that placing banning on the use of non-energy efficient lamps will help to increase the compliance of the use of energy efficient lamps. However, this decision may not be effective in low income communities, especially in developing countries (Kumar et al., 2013) . But, proper awareness of the populace will lead to a substantial improvement in the acceptance of energy-efficient technologies (Kumar et al., 2003) . Okoro et al. (2008) reported a study that evaluated the awareness programmes on energy efficiency among academic staff in a university system. The essence of their study was to identify how constant power supply can be sustained in a university system. The outcomes of their study showed that the provision of an incentive for the use of energyefficient equipment will enhance electricity availability. The adoption of energy efficient technologies in building helps to reduce the amount of peak load of such facility (Kumar et al., 2003) . Li et al. (2010) analysed how energy demand of non-residential buildings can be managed through the use of energy-efficient light fittings and control. They observed that energy savings can be achieved through the selection of appropriate photovoltaic lighting control for a building. Mahila et al. (2011) evaluated the use of lighting retrofit in a university system using pay back period and life cycle cost. Their work compared the performance of T5, T8 electronic and HPT8 system as alternatives to an existing T8 on the basis of life cycle cost, energy saving and energy cost. They observed that T5 was the best lighting retrofitting for their case study. Enongene et al. (2017) addressed the issue of residential lighting efficiency from the perspectives of energy saving, environmental and economic benefits. They studied the economic benefits of using CFL and LED to replace incandescent lamps. Their study did not only experience improvement in net present value and life-cycle cost, there was also a reduction in the amount of green gas emission when incandescent lamps were replaced with CFL and LED. LED was proposed as the replacement for the traditional lighting technologies consisting of CFL two pin bulbs and fluorescence tubes in some buildings at the Universiti Tenaga Nasional on a scale of 10% retrofit yearly to span ten years (Ganandran et al., 2014) . They also attempted to estimate the potential electricity savings based on 8-hr daily, 5-day weekly operating period, the pay back period for returning the investment using life cost analysis and potential environmental benefit derived from consuming less energy by estimating the reduction in gaseous emissions. The choice of LED was based on the premise that it uses 80% less energy than incandescent and 30 to 40% than most fluorescent lamps (Mills & Schleich, 2014; Ganandran et al., 2014) .
LEDs are considered as environmental friendly products since they are mercury free, but CFL contain mercury and need special disposal or recycle approach, which classifies it as hazardous waste. LED sources may last longer than traditional technologies which can save costs on replacement and maintenance. LEDs offer illumination without emitting harmful infrared or ultraviolet radiation. Also, retrofitting with LED is seamless since the interface is interchangeable with that of CFL two pin bulbs and fluorescence tubes. This will lead to an annual potential saving of 41% of electricity consumption and 200 the pay back period is approximately four years and ultimately reduce gaseous emissions to the environment. Abolarin et al. (2013) presented similar results when the incandescent lamps in students' hostels in the University of Lagos, Nigeria were retrofitted with compact fluorescent lamps. In addition to a reduction in electricity consumption, there was a 45% reduction in carbon dioxide emission.
Di Stefano (2000) evaluated the possibility of reducing electricity consumption and carbon dioxide emission in the Melbourne University. Their work considered four energy efficient lighting technology alternatives by estimating the cost-effectiveness of the lighting technology alternatives. The results obtained showed a potential of electricity saving when a 1.2 metre fluorescent lighting fixtures were replaced with new energy efficient lighting technology. However, the exorbitant cost of installing new technology was a major hindrance. They observed that reduction in electricity consumed also impacted by reducing cooling load since heat emission is reduced. Ahmad et al. (2012) presented a report on an energy management program carried out at the Faculty of Electrical Engineering, Universiti Teknologi Malaysia through an energy saving campaign. Their work observed an attitudinal changes that resulted in a reduction in total annual energy consumptions with its attendant effects. Trifunovic et al. (2009) study reported the reduction in electricity consumption when incandescent lamps were replaced with a compact fluorescent lamp in Belgrade. There was also a decrease in electricity required for cooling, which ultimately led to decline in electrical energy importation.
Based on the papers that were reviewed, it is obvious that the study of energy study in a building can be effectively considered under a multi-criteria approach. However, there is sparse information on the aggregation of experts' judgment for a non-residential building. For instance, the benefit of using multicriteria tools in energy study was demonstrated by Ighravwe and Babatunde (2018) . They attempt to identify a renewable energy business model for developing countries. Their study combined technoeconomic and environmental criteria in selecting a business model for a remote community in Nigeria under a fuzzy condition. The unique properties of fuzzy logic, CRITIC (Combines Criteria Importance through Inter-criteria Correlation and TOPSIS (Technique for Order Performance by Similarity to Ideal Solution) were used to identify a private-based mini-grid business model for their case study.
Methodology
The proposed framework for the lighting technology problem is based on the use of entropy fuzzy method for criteria weight importance evaluation, while a TOPSIS method is used to rank potential lighting technologies for a building.
Entropy fuzzy method
Entropy fuzzy method is an approach which has the unique property of using fuzzy number to determine criteria importance during multi-criteria analysis. This approach converts linguistic values to fuzzy numbers (Table 1 ). In Table 1 , an instance of the evaluation of lighting technology for a university senate building in Nigeria is considered using an intuitionistic fuzzy number (see Shahmardan and Zadeh, 2013) . The linguistic expressions in Table 1 were converted into crisp values using entropy fuzzy method (Shahmardan & Zadeh, 2013 ). This process is based on the determination of the entropy values of the criteria (Eq. (1)). The results from Eq. (2) represent the criteria weights.
where ei refers to techno-economic criterion i entropy, and wi refers to the importance of techno-economic criterion i.
The importance of the evaluation criteria was determined based on the judgments of five experts. Their decisions were first expressed in linguistic terms using a questionnaire (Table 1 ). The responses of the experts are presented in Table 2 . There was no consistency in the importance for any of the criteria with respect to the five experts' judgment (see Table 5 ). What was obtained is that two or more experts agreed on the importance of some of the criteria. Based on Eq.
(1) and Eq. (2), the weights in Table 2 were generated for the evaluation criteria. The importance of the technical and economic criteria was based on the weights in Table 2 . Electricity usage, electricity saved, lamp ratings, lamp life span and CO2 were considered as technical criteria. The economic criteria were electricity cost, net present value installation cost and payback period. Based on Eq. (3) and the results in Table 2 , the importance for the electricity used, electricity saved, lamp ratings, lamp life span and CO2 are 0.1983, 0.1947, 0.2021, 0.2021 and 0.2027, respectively . This showed that the most and least important technical criteria are CO2 and electricity saved, respectively. The importance of the economic criteria is 0.2502 for electricity cost, 0.2529 for net present value, 0.2487 for installation cost and 0.2482 for payback period. This shows that the least and most important economic criteria are payback period and net present value, respectively. The information in Table 2 showed that the most and least important techno-economic criteria are net present value and electricity saved, respectively. 
where t and e refer to technical and economic criterion t and e, respectively, and p and q refer to the total number of the technical and economic criteria, respectively.
TOPSIS method
TOPSIS approach is adopted as a tool to aggregate the criteria values with respect to each lighting technology. This is achieved by first evaluating the normalised values in a decision matrix (Ighravwe & Oke, 2016) . The normalisation of a decision matrix information can be done using their desired values (Roszkowska, 2011) . However, this approach can be omitted by using Eq. (4). In order to ensure that all the data in the decision matrix are positive values, a normalising factor is considered (Eq. (5)). The results that were obtained are presented in Table 4 .
An illustrative example of a decision matrix for lighting technologies evaluation was obtained from the work of Gbadega (2015) . This literature generated lighting technology information from a university senate building in Nigeria. The work considered CFL (A1), T5 (A2), E-ballast (A3) and T8-electronic (A4) are potential light technologies for buildings (Table 3) . Based on the information in Table 5 , the weighted normalised values for technical, economic and techno-economic decision matrix were generated (Eq. (6)). The positive and negative ideal solutions for each of the alternatives are evaluated based on their desired values (Eq. (7) and Eq. (8)). The results that were obtained for the criteria positive and negative idea solutions are presented in Table 6 . The alternatives positive and negative ideal solutions for the problem are determined using Eq. (9) and Eq. (10), respectively. The distances of the lighting technologies from the positive and negative ideal solution under the technical, economic and techno-economic criteria are presented in Table 7 . The closeness coefficients of the alternatives are determined using Eq. (11). The results in Table 8 are used to rank the light technologies (Figure 1 ). The last and best ranked alternative are the alternatives with the least and highest closeness coefficients, respectively (Ighravwe & Oke, 2016) . The results presented in Fig. 1 showed that the selection of lighting technology for building depends on the type of criteria that are considered by decision-makers. It can be deduced from Fig. 1 that the criteria that are considered for lighting technology evaluation plays a significant role in the ranking of lighting technologies. The techno-economic and technical criteria results were consistent in terms of the best lighting technology for the case study. However, there are differences in the ranks for other lighting technologies (Fig. 1) . The discrepancies in the technical and economic perspectives of ranking the lighting technologies justified the need for the techno-economic perspective approach for this task.
Policy implications of the study
A decision-making process is aimed at ensuring the best course of action is taken when addresses any issue. This can be achieved in an effective and efficient ways when scientific tools are used to generate relevant information for a problem. The current study has presented one of such tools for building lighting technology evaluation. This study presents the opportunity to make decision for building lighting technology selection from technical and economic and techno-economic perspectives.
Technical criteria
Maintenance personnel and facility managers' interests are always on the need to ensure system availability and reliability as often as possible. To achieve this, different technical criteria are considered during a decision making process. To arrive at a better judgment for lighting technology for building, decision makers depend on several technical performance indices. This study has succeeded in combining some of technical performance indices so as to equip decision makers with a single performance index for building lighting technology selection. The proposed framework also provides insights into the most and least important technical and economic criteria during lighting technology evaluation.
Economic criteria
The management of a system are often interested in the economic benefits that will be accrued to them for accepting a particular lighting technology. Since there are possibilities for a technology to perform best with respect to a criterion and worst for another economic criterion, it makes sense to present a framework that can be used to combine different economic criteria. This study has addressed this issue by considering pay back period, energy saving cost and net present value of different lighting technologies for public buildings. Insight on the importance of the economic criteria is provided by the proposed framework in order to improve a decision making process. This is useful when considering a single economic index as a basis for making decisions.
Techno-economic criteria
There is the likelihood for different building lighting technology to be selected as best technology under technical and economic criteria. This implies that there is a need for a compromise solution to this problem. In order to generate a compromise solution, this study provided a means by which decision makers can arrive at a conclusion that is scientifically based. This is necessary in order to appease the judgment of everybody that will be involved in a decision-making process. A detailed insight on the importance of the techno-economic criteria during policy-making can be obtained from the proposed framework.
Conclusions
This paper has presented a new framework for building light technology selection in developing countries. The proposed framework explored the unique properties of entropy fuzzy and TOPSIS methods.
A real-life case study was used to demonstrate the framework applicability based on information from a University Senate building in Nigeria. Experts were asked to evaluate the importance of technoeconomic criteria to lighting technology selection. This created the opportunity to rank the criteria using entropy fuzzy method, while TOPSIS method determined the lighting technologies ranks.
This study found out that it is possible to select a lighting technology for public buildings using the proposed framework from the technical, economic and techno-economic perspectives. One natural way of extension of the proposed model is to include environmental, social and policy criteria into the proposed framework in order to guarantee the sustainability of a light technology for a building. The proposed concept for light technologies evaluation can be extended to address the issue of street light and CCTV maintenance strategy. Also, the issue of energy source for public buildings can be evaluated using the concept presented in this study.
